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Introduction

During the 3 years of this grant, we generated tet-regulatable p190-B overexpressing transgenic mice.
Using these mice, the effects of p190-B overexpression during all stages of mammary gland development was
examined. We have also investigated the effects of p190-B loss of function during embryonic mammary gland
development. The overexpression studies are now published in Molecular Endocrinology. A manuscript
describing the embryonic mammary gland development studies has been reviewed by Developmental Biology
and is now in revision. Together, these two reports complete Task 1. Our investigation of the effects of loss
and gain of p190-B function on ErbB2-induced mammary tumorigenesis, as proposed in Task 2, is in progress
as described below. Finally, we have developed inducible p190-B overexpressing MCF-7 human breast cancer
cell lines to address the experiments proposed in Task 3. Using this model we have identified a novel role for
p190-B in regulating mitosis and cytokinesis, and overexpression of p190-B leads to multinucleation. We
propose that this may be one mechanism by which p190-B may influence tumorigenesis potentially by affecting
genomic stability.

Body
Task 1. To elucidate the role of p190-B in mammary gland development in p190-B deficient and tetracycline

(tet)-regulatable p190-B overexpressing mice (Months 1-24).

The role of p190-B in mammary gland development using the tet-regulatable p190-B overexpressing
mice has now been published in Molecular Endocrinology, and a reprint of the manuscript has been included as
Appendix 1. The major findings of these studies are summarized as follows. P190-B Rho GTPase activating
protein (GAP) is essential for mammary gland development since pl190-B deficiency prevents ductal
morphogenesis. To investigate the role of p190-B during distinct stages of mammary gland development,
tetracycline (tet)-regulatable p190-B overexpressing mice were generated (Appendix 1, Figure 1). Short-term
induction of p190-B in the developing mammary gland results in abnormal terminal end buds (TEBs) that
exhibit aberrant budding off the neck, histological anomalies, and a markedly thickened stroma (Appendix 1,
Figures 1 and 2). Overexpression of p190-B throughout postnatal development results in increased branching,
delayed ductal elongation, and disorganization of the ductal tree (Appendix 1, Figure 6). Interestingly,
overexpression of p190-B during pregnancy results in hyperplastic lesions (Appendix 1, Figure 7). Several
cellular and molecular alterations detected within the aberrant TEBs may contribute to these phenotypes.
Signaling through the insulin-like growth factor (IGF) pathway is altered (Appendix 1, Figure 5), and the
myoepithelial cell layer is discontinuous at sites of aberrant budding (Appendix 1, Figure 3). An increase in
collagen and extensive infiltration of macrophages, which have recently been implicated in branching
morphogenesis, is observed in the stroma surrounding the p190-B overexpressing TEBs (Appendix 1, Figure 4).
We propose that the stromal response, disruption of the myoepithelial layer, and alterations in IGF signaling in
the pl190-B overexpressing mice impact the TEB architecture leading to disorganization and increased
branching of the ductal tree. Moreover, we suggest that alterations in tissue architecture and the adjacent
stroma as a consequence of p190-B overexpression during pregnancy leads to loss of growth control and the
formation of hyperplasia. These data demonstrate that precise control of p190-B RhoGAP activity is critical for
normal branching morphogenesis during mammary gland development.

We have also investigated the effects of loss of p190-B function on development of the embryonic
mammary gland. These studies were prompted by previous results from our laboratory demonstrating that
mammary buds with a homozygous deletion of the p190-B gene do not grow out when transplanted into adult
recipient mice. We, therefore, examined the effects of loss of p190-B function on embryonic mammary bud
development. These studies, which are summarized below are described in detail in Appendix 2, which is the
manuscript that we submitted to Developmental Biology and is now in revision.



Embryos with a homozygous p190-B gene deletion exhibit major defects in embryonic mammary bud
development. Overall, p190-B deficient buds were smaller in size, contained fewer cells that stained for p63,
and displayed characteristics of impaired mesenchymal proliferation and differentiation (Appendix 2, Figures 2
and 3). Consistent with the reported effects of p190-B deletion on IGF-1R signaling, IGF-1R null embryos also
displayed a similar small mammary bud phenotype with loss of p63 staining cells (Appendix 2, Figure 4).
However, unlike the p190-B null embryos, mesenchymal defects were not detected in the IGF-1R-homozygous
embryos. Because p190-B and IGF-IR signaling intersect at the level of the IRS proteins, we examined IRS1/2
double knockout embryonic mammary buds. IRS1/2 double knockout embryos displayed major developmental
defects similar to the p190B null embryos including smaller bud size and fewer p63 positive cells (Appendix 2,
Figures 5-7). Importantly, like the p190-B deficient buds, the proliferation and differentiation of the IRS1/2
deficient mesenchyme was impaired (Appendix 2, Figure 8). These results indicate that interactions of the
p190-B and IGF-1R signaling pathways are critical for embryonic mammary bud development. We suggest
that these pathways function in recruiting or maintaining a subset of epithelial progenitors and direct essential
epithelial-mesenchymal interactions required to promote mammary bud development.

Task 2. To investigate the role of p190-B in breast cancer progression using both p190-B loss and gain of
Sfunction mouse models (Months 12-36).

The p190-B deficient mice have been bred to the MMTV-ErbB2 mice to generate 15 MMTV-ErbB2
females with loss of one allele of p190-B. These studies can only be performed with loss of one allele of p190-
B because homozygous deletion results in embryonic lethality. There are now approximately 15 mice each in
the experimental and control cohorts. We are aiming to have at least 25 mice in each cohort to provide
sufficient numbers to obtain statistically significant results. When the mice reach 4-5 months of age we will
begin palpating them one time per week to determine tumor latency. Once tumors have formed we will
measure tumor growth using calipers twice per week. These are long-term studies, which we expect to complete
within the next 12-18 months. We are still in the process of examining the effects of p190-B overexpression on
MMTV-ErbB2 induced tumorigenesis. Obtaining trigenic MMTV-rtTA/TetO-p190-B/MMTV-ErbB2 female
mice has been challenging, especially because space in our transgenic mouse facility has become severely
limited due to construction. In addition, these mice have not bred well under these disruptive conditions, which
includes vibrations and noise from the construction that has been underway for the last 6 months. As more
trigenic mice are obtained they will be added to the study, which we expect will continue for the next 18-24
months. While we are generating these mice, we will take an alternative approach using MCF-7 tet-regulatable
p190-B overexpressing clones in xenograft studies in nude mice. This approach does not require mice to be
bred so it can be done in the limited space we have available in our facility. In addition, this allows us to study
the effects of p190-B overexpression in a human breast cancer cell line, which has particular relevance to
estrogen receptor positive breast cancer.

Task 3. To delineate the molecular mechanism by which pl190-B facilitates tumor cell migration and
invasion using tet-regulatable p190-B overexpressing MCF7 breast cancer cells (Months 12-36).



For these studies we generated tet-regulatable p190-B overexpressing MCF-7 clones using an HA-
tagged p190-B-IRES-luciferase construct. Two clones were chosen, one low expressing clone (clone 48) and
one high expressing clone (clone 57) as determined by luciferase assays (data not shown). To investigate the
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Figure 1: Confocal microscopy images showing expression patterns of

endogenous p190-B and the HA-tagged p190-B transgene. A.

Endogenous p190-B (red) localizes to the mitotic spindle during metaphase Red=p190-B
as shown by co-localized staining (yellow, arrow) with atubulin (green). Green=atubulin
P190-B also shows punctate staining (red) along the metaphase plate (blue). Blue=nuclei

B. Endogenous p190-B (red) localizes to the midbody (arrow) during
cytokinesis. Microtubules are stained green and nuclei are blue. C-F. HA-
tagged p190-B transgene expression (red and yellow staining in D,F)
localizes to the mitotic spindle (green). Panels C and E are negative controls
for the HA-tag staining, which show a metaphase cell from the control clone . : . .
or a cluster of cells stained with atubulin and anti-HA antibodies. F. HA- otubulin (green), p190-B (red), and with topro-3 to stain nuclei blue.

tagged p190-B transgene localizes at the spindle, midbody (white arrow) and Arrows point to midbodies. Nf)te the' increase in the 'number of midbodies
membrane (red and yellow, red arrow). as well as the presence of multiple midbody connections between cells

indicating failed cytokinesis and multinucleation in the p190-B
overexpressing clone as compared to the control clone.

Figure 2: P190-B overexpression results in multinucleation. Confocal
microscopy images showing multinucleation of the p190-B overexpressing
clone 57 grown in 2D or 3D cultures (panels B and D, respectively) as
compared to the control clone (panels A and C). Cells were stained for

effects of p190-B overexpression on migration, we
performed a standard monolayer wound closing
assay in which cells were plated at confluency, a scratch was made in the monolayer, and the ability of the cells
to migrate into this area to close the wound was measured. When we performed these experiments we noted
that the p190-B overexpressing clones, in contrast to the control clone, which migrated into the wounded area,
were dying after induction of p190-B (data not shown). As a result, it was not possible to use this assay to
measure migration, which is dependent on the cells being confluent. Interestingly, when we examined the
morphology of the p190-B overexpressing clones we noticed that there appeared to be cells containing multiple
nuclei in the p190-B overexpressing clones as compared to the control clones (data not shown and Figure 2).
This observation, together with reports in the literature implicating the Rho signaling network and other
RhoGAPs including the related p190-A RhoGAP in regulation of mitosis and cytokinesis (1, 2), prompted us to
further examine what role p190-B might be playing in these processes.

To determine the expression patterns of both the endogenous p190-B and the HA-tagged p190-B
transgene during mitosis and cytokinesis, immunostaining was performed to detect p190-B and o-tubulin, a
component of the mitotic spindle. Analysis of these cells using confocal microscopy showed that both
endogenous p190-B as well as the HA-tagged p190-B transgene localize to the mitotic spindle throughout



mitosis and to the midbody during cytokinesis (Figure 1). Interestingly, in contrast to p190-B, p190-A does not
localize to the mitotic spindle or to the midbody suggesting that these related family members play distinct roles
in mitosis and cytokinesis (2). P190-B overexpression for 48 hours in cells grown on plastic or for 5 days in
cells grown in reconstituted basement membrane results in an increase in the number of metaphase cells (4.0%
and 4.2% vs. 2.25% for the p190-B overexpressing clones compared to the control clone, respectively, n=~1000
nuclei counted per clone), cells retaining midbodies (13.3% and 16.6% vs. 8.9%, for the p190-B overexpressing
clones compared to the control clone, respectively, n=~1000 nuclei counted per clone), and multinucleated cells
as shown by representative confocal images of cells containing multiple midbodies (Figure 2B,C arrows). These
results are consistent with several published reports demonstrating that inhibition of Rho activity leads to a
delay in metaphase and failed cytokinesis (3). Taken together, these data suggest that p190-B may be involved
in multiple stages of mitosis, and alteration of p190-B expression is sufficient to disrupt mitosis and cytokinesis
thereby giving rise to multinucleated cells. We suggest that this may be one mechanism by which p190-B may
contribute to breast tumorigenesis by promoting multinucleation potentially leading to genomic instability.
Future studies are aimed at determining the molecular mechanisms by which p190-B regulates mitosis and
cytokinesis, and whether overexpression of p190-B enhances the tumorigenicity of MCF-7 cells in xenograft
experiments.
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Keyv Research Accomplishments

* A manuscript examining the effects of gain of p190-B function on all stages of postnatal mammary
gland development has been published.

¢ Tet-inducible p190-B overexpressing MCF-7 human breast cancer cell lines have been generated and
lead to the discovery of a novel role for p190-B in mitosis and cytokinesis.

Reportable Outcomes

1. A manuscript entitled "P190-B Rho GTPase Activating Protein Overexpression Disrupts Ductal
Morphogenesis and Induces Hyperplastic Lesions in the Developing Mammary Gland” by Tracy Vargo-
Gogola, Brandy M. Heckman, Edward J. Gunther, Lewis Chodosh, and Jeffrey M. Rosen was published
in Molecular Endocrinology 20(6):1391-1405.

2. I have been awarded an NCI K99/R00 Howard Temin Pathway to Independence Career Development
Award based on the studies funded by this proposal.

3. Based on the work supported by this proposal I have obtained an academic faculty position as an
Assistant Professor in the Indiana University School of Medicine at Notre Dame that I will start in
January of 2008.

Conclusions



The funding provided by this proposal has been key to my successful completion of several research
goals. In addition, I believe that this research and the training that I have received at Baylor College of
Medicine has provided me with a strong foundation to direct an independent research program in the areas of
mammary gland biology and breast cancer. I look forward to continued interactions and support from the DOD
Breast Cancer Research Program in the future.

Appendices
1. "P190-B Rho GTPase Activating Protein Overexpression Disrupts Ductal Morphogenesis and Induces

Hyperplastic Lesions in the Developing Mammary Gland” by Tracy Vargo-Gogola, Brandy M.
Heckman, Edward J. Gunther, Lewis Chodosh, and Jeffrey M. Rosen, Molecular Endocrinology
20(6):1391-1405.

2. "Crosstalk Between the P190-B RhoGAP and IGF Signaling Pathways is Required for Embryonic
Mammary Bud Development" by Brandy M. Heckman, Geetika Chakravarty, Tracy Vargo-Gogola,
Maria Gonzales-Rimbau, Darryl L. Hadsell, Adrian V. Lee, Jeffrey Settleman, and Jeffrey M. Rosen. In
Revision.
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P190-B Rho GTPase-Activating Protein
Overexpression Disrupts Ductal Morphogenesis
and Induces Hyperplastic Lesions in the Developing

Mammary Gland
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Jeffrey M. Rosen
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Research Institute, University of Pennsylvania, Philadelphia, Pennsylvania 19104

p190-B Rho GTPase activating protein is essential
for mammary gland development because p190-B
deficiency prevents ductal morphogenesis. To in-
vestigate the role of p190-B during distinct stages
of mammary gland development, tetracycline-reg-
ulatable p190-B-overexpressing mice were gener-
ated. Short-term induction of p190-B in the devel-
oping mammary gland results in abnormal terminal
end buds (TEBs) that exhibit aberrant budding off
the neck, histological anomalies, and a markedly
thickened stroma. Overexpression of p190-B
throughout postnatal development results in in-
creased branching, delayed ductal elongation, and
disorganization of the ductal tree. Interestingly,
overexpression of p190-B during pregnancy re-
sults in hyperplastic lesions. Several cellular and
molecular alterations detected within the aberrant
TEBs may contribute to these phenotypes. Signal-
ing through the IGF pathway is altered, and the
myoepithelial cell layer is discontinuous at sites of

aberrant budding. An increase in collagen and ex-
tensive infiltration of macrophages, which have re-
cently been implicated in branching morphogene-
sis, is observed in the stroma surrounding the
p190-B-overexpressing TEBs. We propose that the
stromal response, disruption of the myoepithelial
layer, and alterations in IGF signaling in the p190-
B-overexpressing mice impact the TEB architec-
ture, leading to disorganization and increased
branching of the ductal tree. Moreover, we suggest
that alterations in tissue architecture and the ad-
jacent stroma as a consequence of p190-B over-
expression during pregnancy leads to loss of
growth control and the formation of hyperplasia.
These data demonstrate that precise control of
p190-B Rho GTPase-activating protein activity is
critical for normal branching morphogenesis dur-
ing mammary gland development. (Molecular En-
docrinology 20: 1391-1405, 2006)

AMMARY GLAND DUCTAL morphogenesis is a
Mcomplex developmental process during which
mammary epithelial cells must proliferate, migrate into
the stromal fat pad, and differentiate into luminal and
myoepithelial cell compartments (1). These processes
occur within terminal end buds (TEBs), which drive the
ductal penetration into the stromal fat pad (2). Ductal
outgrowth is particularly dependent upon stromal-
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Abbreviations: AKT, Protein kinase B; Dox, doxycycline;
ECM, extracellular matrix; GAP, GTPase-activating protein;
HA, hemagglutinin; H&E, hematoxylin and eosin; IGF-IR, IGF
receptor |; IRES, interribosomal entry site; IRS, insulin recep-
tor substrate; MTB, MMTV-rtTA transgenic mice; ROK, Rho
kinase; RT, reverse transcriptase; rtTA, reverse tet transacti-
vator; PAK, p21-activated kinase; pAKT, phosphorylate AKT;
pPAK, phosphorylated PAK; pROK, phosphorylated ROK;
TEB, terminal end bud; tet, tetracycline; TetO, tet operator.
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epithelial interactions, which provide proliferative and
apoptotic cues as well as signals that effect cell mi-
gration (3, 4). Through their interactions with integrins,
Rho GTP-binding proteins function to integrate extra-
cellular signals to ultimately affect cell movement, pro-
liferation, survival, and differentiation, all of which are
essential events during ductal morphogenesis (5).

Precise regulation of Rho GTPase activity is critically
important, and several families of proteins including the Rho
GTPase-activating proteins (GAPS) are capable of modu-
lating their activity (6). RhoGAPs function as negative reg-
ulators of Rho activity by enhancing the intrinsic GTPase
activity of the Rho proteins to rapidly convert active GTP-
bound Rho to inactive GDP-bound Rho (7). The role of the
Rho-signaling pathway in mammary gland development
and breast cancer progression is not well understood. Sev-
eral studies have reported overexpression of Rho family
members in human breast cancers (8-10), and a number of
reports have delineated functions of the Rho pathway by
introducing dominant-negative or active forms of Rho into
breast cancer cell lines (11).
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Until recently, Rho signaling in normal mammary
gland development had not been examined. P190-B
RhoGAP, an important negative regulator of the Rho
pathway, was identified in a screen for genes showing
enriched expression in TEBs (12). P190-B is highly
expressed throughout virgin mammary gland develop-
ment in both the body and cap cell layers of the TEBs
and in the mature ducts. Expression of p190-B de-
creases during late pregnancy and remains low, but
detectable, during lactation. Homozygous deletion of
this RhoGAP gene completely inhibits ductal out-
growth (12, 13). Loss of one allele of p190-B results in
decreased proliferation within the TEBs, causing a
transient delay in ductal morphogenesis. Thus, mam-
mary gland development is critically dependent on
p190-B RhoGAP.

To further elucidate the role of p190-B in mammary
gland development and tumor progression, a tetracy-
cline (tet)-regulatable p190-B-overexpressing mouse
model was developed. This inducible system was cho-
sen because it allows for manipulation of p190-B ex-
pression during distinct stages of mammary gland de-
velopment and function. Using this approach, p190-B
overexpression during ductal morphogenesis is
shown to drastically alter TEB architecture. As a result,
ductal elongation is delayed, branching is increased,
and organization of the ductal tree is disrupted. Over-
expression of p190-B during pregnancy results in hy-
perplastic lesions, which persist after postlactational
involution. These studies demonstrate, for the first
time, that overexpression of a RhoGAP is sufficient to
disrupt mammary gland architecture and promote hy-
perplasia, confirming our previous findings that pre-
cise regulation of p190-B RhoGAP is critically impor-
tant in the developing mammary gland.

RESULTS

P190-B Overexpression Results in Aberrant
TEB Architecture

To generate the tet-regulatable p190-B-overexpress-
ing mice, a transgene construct was designed in which
a hemagglutinin (HA)-tagged human p190-B cDNA
was subcloned into TMILA containing the tet operator
(TetO)/minimal cytomegalovirus promoter elements
followed by an interribosomal entry site (IRES)-lucif-
erase (Fig. 1) (14). The presence of the IRES-luciferase
allows for rapid identification of transgene expression
in the mammary gland after induction. Injection of this
construct into the pro-nuclei of fertilized FVB oocytes
yielded nine founder lines, as determined by Southern
blot and PCR analyses (Fig. 1 and data not shown).
To identify lines containing inducible p190-B trans-
gene expression, bigenic mice were obtained by
breeding the p190-B founder mice to mouse mam-
mary tumor virus (MMTV)-riTA (MTB) mice that ex-
press the reverse tet transactivator (rtTA) in the mam-
mary epithelium under the control of the mouse MMTV

long terminal repeat (Fig. 1A) (15). Bigenic mice (5 wk
old) from each line and MTB control mice were treated
with the tet analog doxycycline (Dox) at 2 mg/ml in
their drinking water for 3-7 d to induce transgene
expression. After treatment, mammary glands were
dissected from the mice and analyzed for luciferase
activity, p190-B transgene expression by RT-PCR,
and morphological changes by whole-mount mam-
mary gland analysis (Fig. 1C). Three of the lines (6667,
6671, and 6674, denoted with asterisks in Fig. 1B)
showed inducible p190-B transgene expression as
determined by luciferase activity and RT-PCR (Fig. 1,
D and E). To determine which cell types express the
p190-B transgene, immunofluorescence for the HA-
tagged p190-B was performed on mammary gland
tissue sections from Dox-treated midpregnant bigenic
and MTB control mice. As expected, the HA-tagged
p190-B transgene is localized to the mammary epithe-
lial cells, which is consistent with the expression of the
MMTV-rtTA within this compartment of the mammary
gland (Fig. 1F) (15).

Because p190-B was originally identified in a screen
for genes showing enriched expression in the TEBs,
the effects of acute overexpression of p190-B on TEB
morphology were examined. Strikingly, within 3 d of
p190-B transgene induction, aberrant TEBs with ex-
tensive budding off the neck region were apparent in
the whole-mounted mammary glands (Fig. 1C). Histo-
logical analysis of hematoxylin and eosin (H&E)-
stained tissue sections from these glands further dem-
onstrated the extent of disruption of the TEB
architecture (Fig. 2, A and B). The TEBs exhibited
extensive budding, abnormal morphologies, and dis-
organized and thickened stroma that, in some cases,
encompassed the leading edge of the TEB. To quan-
tify the extent of disruption of the TEB structures in the
p190-B-overexpressing mice, the percentage of nor-
mal TEBs was determined after 3 d of transgene in-
duction. Structures were designated normal if they did
not exhibit budding off the neck region of the TEB. In
comparison with the Dox-treated control mice (n = 6;
57 TEBs analyzed), the percentage of normal TEBs
was significantly decreased in the p190-B-overex-
pressing mice [n = 5 (67 TEBs analyzed), 98.2 + 1.85
vs. 34.8 = 12.2 (P < 0.0003), respectively (Fig. 2E)].
Despite the pronounced TEB anomalies seen after
short-term p190-B overexpression, acute overexpres-
sion of p190-B did not have any apparent effects on
the morphology of the mature ducts in these mice (Fig.
2, C and D). These phenotypes were not observed in
the Dox-treated MTB control mice. All three inducible
lines showed the TEB phenotype, and subsequent
studies were performed on two of the lines, 6667 and
6671. These results indicate that tight regulation of
p190-B expression is critical to maintain normal TEB
architecture.

P190-B overexpression is predicted to alter signal-
ing downstream of Rho family proteins. One of the
immediate downstream targets of the Rho-signaling
pathway is Rho kinase (ROK). An increase in p190-B
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Fig. 1. Generation of Tet-Regulatable p190-B-Overexpressing Mice

A, A schematic of the two constructs used to generate bigenic tet-regulatable p190-B-overexpressing mice. B, Southern blot
analysis of p190-B-overexpressing founder lines. *, Inducible lines. C, Whole-mount mammary glands showing aberrant budding
off the neck region of p190-B-overexpressing TEBs compared with uninduced bigenic controls after 3 d of transgene induction.
All three inducible lines showed this phenotype. Representative images at X2.5 magnification are shown. Bars, 0.5 mm. D,
Luciferase activity shown as relative light units (RLUs) per mg of protein in mammary glands from control and Dox-treated mice.
E, RT-PCR analysis of p190-B transgene expression in mammary glands from control and Dox-induced mice. RT-PCR for L19
is shown as a control for the RT reaction. Reactions performed in the absence of RT did not contain products (data not shown).
Data from line 6671 are presented in panels D and E and are representative of the three lines. F, Immunostaining for HA-tagged
p190-B (red) on mammary gland tissue sections from d 18 pregnant mice demonstrates that transgene expression is localized
to the mammary epithelial cells. Nuclei (blue) are 4',6-diamidino-2-phenylindole stained. CMV, Cytomegalovirus; LTR, long
terminal repeat.
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Fig. 2. p190-B Overexpression Disrupts TEB Architecture

Representative images of H&E-stained mammary gland tissue sections from bigenic or MTB control mice treated with Dox for
3 d are depicted. A, A TEB from a control mammary gland with normal architecture is shown. B, A TEB from a p190-B-
overexpressing mammary gland with abnormal budding is shown (arrows). The mature ducts appear normal in the p190-B-
overexpressing mice (panel D) as compared with the MTB control mice (panel C). Scale bars, 50 um. E, The percentage of normal
TEBs in p190-B-overexpressing (Bigenic) compared with control (MTB) mammary glands is depicted by a graph. F, Western
analysis of phosphorylated and total ROKII, PAK-2, and ERK levels in p190-B-overexpressing and control mammary glands.

activity is expected to inhibit Rho activity and, conse-
quently, decrease ROK activity. p190-B overexpres-
sion may also alter signaling downstream of the Rho
family protein Rac, and p21-activated kinase (PAK) is
one target of Rac that may be similarly down-regu-
lated in response to p190-B overexpression. To ex-
amine whether this is the case, Western blotting for the
phosphorylated active forms of ROKII (pROKII/Thr396)
and PAK2 (pPAK2/Thr402) was performed. In compar-
ison with the MTB control, pROKII expression was

substantially diminished in the p190-B-overexpressing
mammary glands (Fig. 2F). Total ROK expression,
however, was equivalent between the MTB and p190-
B-overexpressing mice. Similarly, pPAK-2 expression
was lower, but this likely reflects decreased total
PAK-2 expression that was detected in the p190-B-
overexpressing as compared with the MTB control
mammary glands (Fig. 2F). Recently, coordination of
Rho and ERK signaling was shown to control tissue
architecture (16).